Would increased interstitial fluid flow through in situ mechanical stimulation enhance bone remodeling?
Bone accommodates to changes in its functional environment ensuring that sufficient skeletal mass is appropriately positioned to withstand the mechanical loads that result from functional activities. Increasing physical activity will result in increased bone mass, while the removal of functional loading would result in bone loss. Bone is a composite material made up of a collagen-hydroxyapatite matrix and a complex network of lacunae-canaliculi channels occupied by osteocyte and osteoblast processes, immersed in interstitial fluid. There are strong indications that changes in interstitial fluid flow velocity or pressure are the means by which an external load signal is communicated to the cell. In vitro studies indicate that shear stress, induced by interstitial fluid flow, is a potent bone cell behavior regulator. One of the forms of altering interstitial fluid flow is through the mechanical deformation of skeletal tissue in response to applied loads. Other methods include increased intramedullary pressure, negative-pressure tissue regeneration, or external mechanical stimulation. Analysis of these methods poses the question of process effectiveness. The efficacy of each method theoretically will depend on the mechanical efficiency of transmitting an external load and converting it into changes in interstitial fluid flow. In this paper, we combine recent knowledge on the effect of the bone's interstitial fluid flow, different fluid patterns, the role of gap junctions, and the concept of mechanical effectiveness of different methods that influence interstitial fluid flow within bone, and we hypothesize that the efficiency of bone remodeling can be improved if a small mechanical percussion device could be placed directly in contact with the bone, thus inducing local interstitial fluid flow variations. Enhancement of bone repair and remodeling through controlled interstitial fluid flow possesses many clinical applications. Further investigations and in vivo experiments are required. Practical methods and clinical apparatuses need to be conceived and developed to validate and facilitate the clinical use of this technique.